Köppen's versus Thornthwaite's climatic classification
The main difficulty in climate classification is related to the inadequacy of climatic data available, both in terms of surface coverage as in terms of duration and reliability. The climatic elements most frequently used to characterize the climate are the mean values of temperature and precipitation, beyond of other climate elements for a better classification. The Köppen climate classification contains information more suited to geographical and climatological studies than of agrometeorological, simplifying complex situations of the relationship of climate to the productivity of agricultural crops (Burgos, 1958) . Rolim et al. (2007) does not recommend it for the determination of agrometeorological zones because it is efficient only for the macro scale, has a low capacity for the separation of types of climates, and lost in details, since it does not differentiate very well the climatic types (Cunha et al. 2009 ). It is inconceivable that Köppen could have produced his original classification and map without using other landscape signals of climate (particularly vegetation) since there would have been so little observed climate data available at that time. In the light of this, the persistence of his scheme of classification is even more remarkable (Peel et al., 2007) . The use of Köppen's classification is not confined to teaching, because many researchers routinely use it for their own particular research purposes (McMahon et al., 1992; Peel et al., 2004 Peel et al., , 2007 . In this sense, Lohmann et al. (1993) state that the Köppen classification is easier to use and is still a useful tool to estimate the ability of climate models to reproduce the present climate and indicate the impact of climate change on the biosphere.
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The Köppen classification compensates for its shortcomings because have wide acceptance (Stern et al., 2000) , and remains the best known scheme for the climatic zoning, according to Hudson & Brown (2000) . Sunkar (2008) says "the differentiation between the wet and the dry seasons provides adequate information to properly evaluate the potential of agricultural land, when using the Köppen classification system". Thornthwaite considers the moisture as factor truly active, using it as a basis for identifying the most of its major climatic types, except for three areas of cold in which it analyzes the temperature as active factor or critical. It considers the vegetation is a physical means by which it is possible to transport water from the soil into the atmosphere, defining a type of climate as wet or dry depending on the water requirements of vegetation (Trewartha, 1954) . Undoubtedly this is one of the great virtues of Thornthwaite classification, consider the potential evapotranspiration as an essential element in determining of other indexes. Thornthwaite's introduced the concept of potential evapotranspiration which was improved over time on several occasions. The potential evapotranspiration is one opposite process of precipitation it refers to "water used by an extensive vegetated surface in active growth, completely covering the ground, unrestricted and soil water " (Thornthwaite, 1946) . The comparison between precipitation and potential evapotranspiration obtained from in the climatic water balance indicate deficiencies and excesses of moisture throughout the year or in season of crop growth (Pereira et al., 1997) . The potential evapotranspiration is estimated by the temperature, due to the difficulty in obtaining information from other climatic elements to use a more accurate method (Pereira et al., 2002) . Climatic classification Thornthwaite presents a detailed climate, generating more information a local called of climatic subtype, which favors local studies. According to Balling (1984) , this methodology has brought a much greater sensitivity in the definition of climates, and allows separated efficiently climates in topoescala, summarize to efficiently the information generated by normal water balance and the ability to determine agroclimatic zones (Rolim et al., 2007) . This classification takes into account temperature, precipitation and evapotranspiration, and presents in detail the period of deficit and hidric surplus of a local (Rolim et al., 2007; Cunha et al., 2009 ). The Köppen classification associate the vegetation with temperature, while the Thornthwaite classification with the moisture factor (Essenwanger, 2001) . For all this, Thorthwaite classification is considered a more refined method than that of Koppen for agricultural applications, since it takes into account the evapotranspiration (Trewartha, 1954) . The most important contribution to the modeling of vegetation and climate is the idea of potential evaporation proposed by Thornthwaite (Hudson & Brown, 2000) and the Thornthwaite map that includes the clear divisions of wetter and drier regions (Logan, 2006) . By comparing maps generated by the Köppen and Thornthwaite methods, Doerr (1962) says the Thornthwaite classification is more accurate and helpful to describe the climate of a place. Most geographers readily admit that the Thornthwaite climate classification represents a major step forward in terms of conceptual sophistication about the Köppen system (Malmström, 1969) .
Climatologic water balance
When relate evapotranspiration with the rain, taking into account the storage of water in the soil, periods of deficit and surplus are revealed, allowing a more critical analysis and www.intechopen.com
The Evapotranspiration in Climate Classification 395 appropriate a place or region. This allows quantification of the levels of water stress to which he is subjected a particular culture, and also estimate indexes of drought and reduced productivity. According to Thornthwaite (1948) , deficiencies and surpluses of water over one year affects the climate of a region amending the conditions of humidity. Excess water in the rainy season, in large part does not solve the drought in the dry season, but may soften, especially if the plants have broad and deep root system. Would be better if the rain was always greater than evapotranspiration, which always occurs to small soil water surplus, provided that no surface flow (runoff), thereby ensuring a water storage in soil under conditions of field capacity, this means that actual evapotranspiration is close to potential evapotranspiration. The climatic water balance calculations depend on average monthly temperature data, monthly precipitation, potential evapotranspiration and water retention characteristics of soil-water site. The depth of soil layer defines the ability of water available for plants, the greater the depth of soil the greater the water holding capacity and the root system tends to be more superficial. When there is low water availability in the soil, the plants develop more their root system. Calculations of water stress and evapotranspiration potential and real that participate in the water balance are needed to quantify levels of water stress to which that finds a culture, as well as estimating the productive potential of different locations. For this, the climatic water balance should represent the water availability of a place or region and must be made from time series uninterrupted, consistent and homogeneous, at least 30 years. In 1948, Thornthwaite proposed the climatic water balance monthly as a simple method, using average monthly air temperature and precipitation accumulated, as well as the storage capacity of soil water, assuming that the soil is considered a reservoir, and that all the water available to the soil first will contribute to the evapotranspiration demand. Still, defines the potential evapotranspiration, as the transfer of water to the atmosphere of a large area with dense vegetation, with active growth covering the entire surface (bahiagrass) and under soil conditions without water restriction -more appropriate concept for climatological studies (Varejão-Silva, 2006) . Thornthwaite & Mather (1955) developed a climatic water balance monthly to monitor the variation of soil water storage throughout the year. By accounting for the supply of water to the soil -precipitation, and the atmospheric demand -potential evapotranspiration, and with a maximum storage -available water capacity, the water balance provides estimates of actual evapotranspiration, of deficit and water excess and soil water storage (Pereira et al., 2002) .
Methodology
This study used climatologically normal data published by Brazil's National Institute of Meteorology (INMET, 2009 ): data of monthly mean air temperature and cumulative monthly rainfall. The locations used to evaluate the effect of altitude: Campos do Jordão (SP) and Santos (SP), the effect of latitude: Boa Vista (RR) and Santa Maria (RS), the effect of longitude: João Pessoa (PB) and Porto Velho (RO) and the effect of ocean currents: Angra dos Reis (RJ) and Cabo Frio (RJ). Geographic coordinates of the locations used in the study ( With these normal climatologically data were used two classification systems climate, Köppen and Thorntwaite, aiming to evaluate the role of evapotranspiration.
Description of criteria and symbols by Köppen (1936) method
The "1st letter", it was considered P = annual precipitation (cm) and T = average annual temperature (°C); analyzing the conditions: Condition (1): winter precipitation: 70% of total annual precipitation occurs during the six coldest months of the year; Condition (2): summer precipitation: 70% of total annual precipitation occurs during the six hottest months of the year; Condition (3): when does not apply any of the above conditions. Condition (1) true:
Therefore, according to the average temperature, the "1st letter" can be: A: tropical, temperature of the coldest month is above 18 ºC; B: dry climates, limits determined by the temperature and precipitation; C: temperate climate, temperature of the coldest month between 18 and -3 °C; D: cold weather, temperature of the warmest month above 10 °C and temperature of the coldest month below -3 °C; E: polar climates: temperature of the warmest month is below 10 ºC; F: the hottest month is below 0 °C; G: mountain weather; H: high altitude climates. The "2nd letter" is obtained as a function of precipitation:
Af: no dry season -the driest month precipitation is greater than 6 cm; Am: the driest month precipitation shows higher or equal to (10 -P/25); Aw: when the previous conditions do not apply and the driest period occurs in winter; BS; BW: see the previous conditions (1), (2) and (3); Cs; Ds: when the precipitation is winter and the wettest month of winter precipitation has equal or greater than three times that of the driest month; Cw; Dw: the wettest month of summer precipitation has greater than or equal to 10 often the driest month; Cf; Df: moist, do not apply when sewing; EF: displays all months of the year with average temperatures below 0 °C; ET: when the warmest month has temperature between 0 and 10 °C; EB: perpetual snow or tundra. The "3rd letter"is obtained as a function of temperature: a. hot summer, is the hottest month temperature is above 22 ºC; b. moderately warm summer, the temperature of the warmest month is below 22 ºC and at least four months have temperatures above 10 °C; c. short summer and moderately cold, less than 4 months has a temperature higher than 10 °C; d. very cold winter, the coldest month has temperatures below -38 ºC; OBS: For arid local (BS or BW): BSh' or BWh': very warm, with average annual temperatures over 18 °C and warmest month with temperatures above 18 °C; BSh or BWh: warm, with average annual temperatures over 18 °C and warmest month temperatures below 18 ºC; BSk or BWk: cold, with average annual temperature below 18 °C and warmest month with temperatures above 18 °C; BSk' or BWk': very cold, with average annual temperature below 18 °C and warmest month temperatures below 18 ºC.
Description of criteria and symbols by Thornthwaite (1948) method
The calculation of potential evapotranspiration was done according to the Thornthwaite (1948) 
Where "Tn" is the average temperature of the month "n", in °C, "n" ranges from 1 to 12 (January through December); "I" index that expresses the level of heat available in the region, according to the equation:
The exponent of the equation (1) 
Where "d" is the number of days of the month and "N" photoperiod of the month in question.
The calculating the climatic water balance was done by the Thornthwaite & Mather (1955) method, assuming the available water capacity of the soil equal to 100 mm for comparative purposes.
The estimation indexes of humidity (Ih), aridity (Ia) and moisture (Im) were calculated according to Thornthwaite (1948) :
Where "EXC" is water excess and "DEF" is water deficit, comings from the climatic water balance (mm); "ETP" is potential evapotranspiration (mm).
The following tables that contains the sort keys: Table 2 (1st key), Table 3 (2nd key), Table 4 (3rd key) and Table 5 (4th key).
Climatic types Moisture index (Im)
A -perhumid 100 ≤ Im 
Examples of application
Different altitude
In Tables 6 and 7 following information regarding the climatologic water balance (Thornthwaite & Mather, 1955) Table 6 . Climatologic water balance according to Thornthwaite and Mather (1955) To compare two nearby site, with small differences in latitude and longitude, but with a reasonable difference in altitude, and using the methodology of Köppen, Campos do Jordão shows the climatic type Cfb (humid temperate climate with moderately warm summer) while Santos shows the climatic type Afa (humid tropical climate with hot summers). The two sites are similar with respect to humidity, sites with high rainfall in all months of the year and show no water stress throughout the year. However, Campos do Jordão shows itself as a place colder than Santos due to the influence of altitude on air temperature.
www.intechopen.com Table 7 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990. Santos, SP, Brazil, INMET (2009). (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
Using the method of Thornthwaite realizes that Campos do Jordão presents the climatic type ArB' 1 a' (perhumid without water deficit throughout the year, with moderate temperatures and annual potential evapotranspiration of 694.5 mm concentrated in 33.7% in the summer) while Santos presents the climatic type B 1 rA'a' (humid without water deficit throughout the year, with high temperatures and annual potential evapotranspiration of 1,508.7 mm concentrated in 37.2% in the summer). The district of Santos presents increased evaporative demand due to their higher temperatures, thus the annual water surplus is smaller than in Campos do Jordão, which has a water surplus much higher compared to Santos due to low temperatures which occur along the year, which reduces evapotranspiration.
Comparing the two methods of classification, it is noted which Campos do Jordão is differs of Santos at altitude and relief (Mantiqueira Mountains), which means it has lower values of temperature, and thus, presents a lower demand evapotranspiration. The rainfall in these regions tends to be higher in the rainy season (October-March) in relation to sea level -effect of atmospheric circulation that brings moisture from the Atlantic Ocean. For agricultural activities have thermal constraints for many crops -risk of frost as a limiting factor, however, the natural landscape of these regions offer excellent conditions for ecotourism activities. Interestingly, the Köppen classification does not differentiate the two sites for moisture content (function of precipitation), considering them as f (wet), while the Thornthwaite classification shows the difference between Campos do Jordão and Santos, characterizes them as A (perhumid) and B 1 (humid), respectively, according to the difference in water surplus. Moreover, the Thornthwaite classification of stands out for identifying the absence of water stress (r) and potential evaporation concentrated in the summer (a'), being the 3rd letter, according to Thornthwaite classification, identifies the difference between the evapotranspiration demand between the two locations, indicating no need for supplemental irrigation. Tables 8 and 9 present information regarding the climatologic water balance (Thornthwaite & Mather, 1955) Table 8 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990 . Boa Vista, RR, Brazil, INMET (2009 . (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess) Located in the Northern Hemisphere, but very close to the equator, Boa Vista introduces climatic type Awa (tropical climate with dry season in winter and warm all year round), second the methodology of Köppen. The low latitude of Boa Vista question influence in the definition of the seasons because the summer no presents the highest temperatures. On the other hand, the district of Santa Maria is located further south of the Tropic of Capricorn, and shows the climatic type Cfa (humid temperate and hot summer). These two sites were similar with respect to high temperatures in summer (a), however, the air temperature is higher during the year, which explains the high values of evapo- Table 9 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990. Santa Maria, RS, Brazil, INMET (2009). (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
Different latitude
Analyzing the 1st letter of the climate type, Boa Vista has the highest average monthly temperatures in relation to the humid climate of Santa Maria, which increases the demand for evapotranspiration. The climate of Santa Maria (humid) is associated with lower levels of temperature due to the mountainous regions, which requires less evapotranspiration. These conditions are confirmed by the 2nd letter, which indicates d (small excess of water) and r (no drought) to Boa Vista and Santa Maria, respectively, and also the 3rd letter A' (high temperatures associated with high evapotranspiration). Both classifications show that in monthly scale there is no need for irrigation of agricultural crops in Santa Maria. While in Boa Vista the classification of Thornthwaite specifies more appropriately through of high aridity index (Ia = 42) and of negative moisture index (Im =-6), showing the need for the use of irrigation during the months September to April.
Different longitude
The climatologic water balance (Thornthwaite & Mather, 1955) for districts of João Pessoa and Porto Velho can be found in Tables 10 and 11 , respectively. According to the methodology of Köppen, João Pessoa and Porto Velho present the same climatic type Ama (tropical climate with a dry season and hot summer).
Months T (ºC) Table 10 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990. João Pessoa, PB, Brazil, INMET (2009). (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
www.intechopen.com Table 11 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990. Porto Velho, RO, Brazil, INMET (2009) . (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
According to the Thornthwaite method, Porto Velho presents the climatic type B 3 rA'a' (humid with little water deficit in the months from June to September, high temperatures and annual potential evapotranspiration of 1,455.9 mm concentrated in 25.1% in the summer), while João Pessoa presents the climatic type B 2 sA'a' (humid with moderate water stress during the months of January, February and from September to December, with high temperatures and annual potential evapotranspiration of 1,554.9 mm concentrated in 29.0% in the summer). Thornthwaite's method shows differences with respect to temperature monthly. In Porto Velho the variation of monthly temperature range is less while in João Pessoa is higher due to the effect of continentality/ocean. It also differentiates the sites with respect to deficiencies and excess water throughout the year. The proximity of the ocean generates less thermoregulatory effect provided by the moisture present in the interior of the continent, which showed higher temperatures in winter in João Pessoa. The rainfalls are concentrated during summer in Porto Velho and autumn-winter in João Pessoa, showing respectively, deficiencies in winter and spring-summer. The irrigation of cultures is recommended from June to September in Porto Velho, while in João Pessoa is necessary from September to February, once the annual aridity index is high (Ia = 24). The use of the climatologic water balance in the classification of Thornthwaite becomes advantageous because it allows identifying the level of disability and the season when occurs water deficit.
Ocean currents
Information related to climatologic water balance (Thornthwaite & Mather, 1955) Table 12 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990. Angra dos Reis, RJ, Brazil, INMET (2009). (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
According with the methodology of Köppen, Angra dos Reis presents the climatic type Afa (tropical climate with no dry season and hot summer) while Cabo Frio is climatic type Awa (tropical climate with dry season in winter and hot summer). In this case, the difference between the climates is the amount and distribution of rainfall throughout the year, which is much smaller in Cabo Frio. Angra dos Reis presents high rainfall, especially in spring and summer. When the Thornthwaite method is applied, Angra dos Reis presents the climatic type B 3 rA'a' (humid without water stress, with high temperatures and annual potential evapotranspiration of 1,178.6 mm concentrated in 35.3% in the summer), while Cabo Frio displays the climatic type C 1 dA'a' (dry subhumid, with drought in nearly all months of the year, with high temperatures and annual potential evapotranspiration of 1,156.6 mm concentrated in 32.9% in summer). Thus, we find that the differences between these two sites are mainly related to precipitation and water deficit, because as the precipitation is higher there will be less water deficiency in soil. In contrast, the water surplus occurs when rainfall exceeds field capacity.
www.intechopen.com Table 13 . Climatologic water balance according to Thornthwaite and Mather (1955) for the period 1961 to 1990 . Cabo Frio, RJ, Brazil, INMET (2009 . (T = temperature; P = precipitation; ET P = potential evapotranspiration; NEG = negative accumulated; GW = ground water; ALT = GWactual -GWprevious; ET A = actual evapotranspiration; DEF = water deficit; EXC = water excess).
These differences between the two local are restricted to the effect of ocean currents on the Atlantic coast, the Brazilian coast, influencing the precipitation regime. As the ocean current is warmer near Angra dos Reis, this presents higher values rainfall throughout the year, especially during the hottest periods of the year. The climatic classifications of Köppen and Thornthwaite suggest that in Angra dos Reis is not necessary the use of irrigation for local agriculture, but to Cabo Frio, the differences between the two classifications are important. According to Köppen classification the use of irrigation be essential in the winter, however hides the water deficit that occurs in the remainder of the year in Cabo Frio, a fact that is detected by the Thornthwaite classification, which stresses the use of irrigation throughout the years, except in October. Therefore, in general, to Köppen sees only a greater quantity of rain, but not how it is distributed, nor whether it is sufficient to avoid water deficit. Thus, the Thornthwaite classification is more appropriate because it allows not only see the differences in rainfall, as well as other pertinent differences and coming from the water balance, such as evapotranspiration, water deficiencies and excesses throughout the year, important in the planning of an agricultural region. Thus, Köppen loses in details when the need is for agricultural use, being recommended the Thornthwaite's method.
Conclusion
It is difficult to find a climate classification that can be considered perfect, because each classification has its own merits, limitations and failures. Despite the differences between climatic classifications, either for one reason or another, knowledge of the climate of a place (region) allows a better orientation to agriculture.
The Köppen classification is still the most widely used despite its limitations, since it only depends on temperature and precipitation. The Thornthwaite classification seems more appropriate in the scope of its subdivisions and other climatic types according to temperature, precipitation and evapotranspiration (moisture factor), featuring more detail for a place or region, even using the estimated potential evapotranspiration according to the annual temperature variation and photoperiod, is still a more complete and comprehensive. Currently, it is not possible to use bolder methods for estimating evapotranspiration due to failure to obtain sufficient data for this, beyond poor spatial distribution of meteorological stations in several countries, as in Brazil, being recommended using the original method for calculating potential evapotranspiration suggested by Thornthwaite (1948) . The use of the water balance by the classification of Thornthwaite enriches the basis of classification based on the amounts of rainfall and temperature, allowing to identify a place or region by the characteristics: the changes in air temperature and cumulative monthly and annual rainfall, the deficit and water excess throughout the year, the potential evapotranspiration monthly and annual, the seasons drought and rainy -the distribution of rainfall seasonally and the index of aridity. This will allow identifying periods where there is need for irrigation. Through the classification of Thornthwaite, when analyzing the deficiency or excess moisture, the concentration of thermal efficiency or potential evapotranspiration during the summer, allows climatic information more detailed from location -climate subtype, showing that Thornthwaite (1948) improved the climate classification system when introduced the water factor as a function of evapotranspiration and water balance.
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